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The Life-History of Pineus pinifoliae (Fitch) (Homoptera: 
Phylloxeridae) and its Effect on White Pine’ 


By R. E. Batcu and G. R. UnpEerwoop 


Dominion Entomological Laboratory, Fredericton, N.B. 


Introduction 

Pineus pinifoliae (Fitch) belongs to the Adelginae, a group characterized by 
unusually complex life-cycles. The typical species have at least five distinct 
forms, one bi-sexual and the others parthenogenetic. They alternate between two 
coniferous hosts, one of which is always a species of spruce (Picea). Galls are 
formed on spruce by a modification of the growth of the new shoot. 

The life-history of P. pinifoliae is only partially known. Patch* has reported 
on observations in Maine which showed that the gall-making form flew from 
“black spruce” to the needles of white pine and that its offspring settled on the 
new shoots. She also described a morphologically similar winged form which 
developed on white-pine shoots and which she believed to be the return migrants. 
Annand* made similar observations in Oregon and gave careful descriptions of 
three forms: the fundatrix, the gallicola migrans, and the exulis. 

No records of injurious outbreaks have been found, although Patch referred 
to the great abundance of the insect and Annand stated that it was thought that 
damage was being done to young western white pine, Pinus monticola Dougl. 

During the past ten years outbreaks have occurred in New Brunswick and 
Nova Scotia which have caused some concern because of injury done to white 
pine, Pinus strobus L. In 1948 a study of the life-history was undertaken by 
means of field observations and rearing pure cultures in cages over ape trees. 
The results will assist in understanding the nature of such outbreaks and their 
effect on the trees. 

The species has been identified by comparison of cleared specimens with 
Annand’s descriptions and by its association with the characteristic gall as figured 
by Patch. 

Life-History 
Fundatrix 

This is the overwintering form on spruce. We have found it only on red 
spruce, Picea rubens Sarg., and at the base of buds which produced galls. 
Development commences before the buds swell and oviposition takes place before 
they burst. 

Gall formation results in part from the feeding or the salivary injection of 
the fundatrix. Stimulation of growth occurs before the eggs hatch, and galled 
shoots at first grow more rapidly than normal shoots (Fig. 1). Occasionally small 
galls are found with few or no larvae in them and these remain green and closed 
throughout the summer. 


Gallicola migrans 

The eggs of the fundatrix hatch about the time that the normal buds show 
the first signs of bursting. The gallicolae larvae settle at the bases of the develop- 
ing needles. They reach the fourth instar and the galls turn brown and open 
about the middle of June, when the normal shoots are still less than an inch long. 
The adults emerge and fly to the needles of white pine, showing a strong prefer- 


c 1Contribution No. 2673, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
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ence for the previous year’s growth and never settling on the new shoots, which 
are still very short. They invariably face toward the base of the needle and 
when numerous may be seen arranged in long, single rows with their stylets 
inserted in the stomata (Fig. 2). The eggs are laid beneath the wings, and when 
oviposition is completed the abdomen will be found retracted within the thorax. 
The dead adults may remain on the needles until late winter. 


Exulis 

The larvae from the eggs of the gallicola crawl to the new shoots of the pine 
early in July and insert their stylets in the axes. In a few days they become dark 
purplish-brown and somewhat flattened. A fringe of wax plates appears around 
the body and along the mid-dorsal line. According to field observations and 
controlled rearings, they remain dormant in this stage until next spring, although 
Patch reported development during the summer. 


ne 





Fic. 1. Galls on red spruce at time of emergence of gallicolae. Note relative length of 
ungalled shoots. (Photo by L. S. Hawboldt) 


These dormant first-stage larvae provide the easiest means of diagnosing an 
outbreak. They may be numerous enough to cover the axis of the shoot 
completely (Fig. 3) and can be seen throughout the greater part of the year. 
There is a high mortality in this stage and some of the dead larvae remain 
attached for a Pall year. It is the feeding, or more probably the salivary injection, 
of this stage which causes the chief damage to the tree by killing or weakening 
the new shoots. 

During the first week of May the larvae develop into wingless exules and 
winged sexuparae. After four moults the exules commence oviposition about 
the first of June. The five stages would identify them as hiemoprogredientes, 
but they have a long period of diapause. Their offspring settle on the new shoots 
and = a second generation of larvae by the middle of July. No further 
development was observed. It is not known whether these wingless forms can 
continue indefinitely on the pine, but observations suggest that they eventually 
die out or produce sexuparae. 


Sexupara 
The adult sexuparae leave the white pine about the end of May and settle 
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Fic. 2. Gallicolae on needles of white pine. (Photo by W. A. Reeks). 


on the old needles of red spruce. All face toward the tip of the needle, in contrast 
with the gallicolae. Oviposition was noted as early as May 31. The eggs were 
laid beneath the wings and the number did not exceed 25. 
Sexualis 

Larvae from the eggs of the sexuparae were observed as early as June 5. 
They remained under the wings of their parent, as long as there was room, and 
inserted their stylets in the stomata. As they emerged they arranged themselves 
in a double row behind the adult, with the ends of their abdomens turned inward | 
and often touching the opposite larva, a habit possibly connected with mating. 

The newly hatched larvae are orange-yellow, but become a fairly dark red 
before the first moult. They moult four times, increasing very little in size. 
The two sexes become clearly distinguishable in the adult stage. The male is 
smaller, with longer antennae and legs and the posterior abdominal segment 
projected and truncate. The female is more nearly oval in shape, with the 
posterior end tapering. 

About the end of June the adults leave the needles and presumably settle on 
the twigs but none were found. No mating or egg laying was observed. 

Mortality was high in this stage. Many eggs failed to hatch and many larvae 
did not develop. 

Recent Outbreaks 

Unusual abundance of the insect was first noted in 1942 around Shirley, 
Sunbury County, N.B. Many of the shoots of the current year’s growth on 
white pine were covered with first-stage larvae, and the previous year’s needles 
bore large numbers of dead, winged adults. Galls were numerous on red spruce 
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growing in mixture with white pine. Red pine, Pinus resinosa Ait., and white 
spruce, Picea glauca Voss., were not infested. Previously galls of P. pinifoliae 
had been considered rare; one reason that they are less noticeable is that they do 
not persist as long as those of P. floccus (Patch) or Adelges abietis (L.) and many 
drop within a year. 

It was estimated that this heavy infestation occurred on most of the white 
pine over about 100 square miles, although the larger trees were less uniformly 
and severely attacked. The insect was most numerous in stands which were not 
over 35 years of age and contained a high proportion of white pine and red spruce. 
Increment cores showed that the white pine had suffered a progressive reduction 
in growth since 1939 while other species had maintained a high rate of growth. 
Shoot growth had been similarly reduced and foliage was generally sparse. Here 





Fic. 3. White-pine shoot covered with first-stage larvae. (Photo by W. A. Reeks). 


and there a tree was dying, and dead shoots were common. The same year an 
outbreak of very similar extent and severity was discovered in Shelburne County, 
N.S. 

In 1943 the insect was again abundant in these localities, although less so than 
in 1942. During 1944 to 1946 the population fluctuated at lower levels and the 
trees showed some improvement. In 1947 there was a striking increase which 
for the first time caused a severe and widespread killing of new shoots. This 
facilitated the detection of infestations by ie Forest Insect Survey, and 5 4 
were found as far north as Matapedia, P.Q., and as far south as Saint John, N.B. 
The most generally infested area still centered around Shirley, but extended from 
Fredericton down the St. John River Valley to Westfield. No reports of 
increased damage were received, however, from Nova Scotia. 

This was evidently the peak of the outbreak, which had continued irregularly 
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Diacram A. Diagram representing the life-history of Pineus pinifoliae (Fitch) at 
Fredericton, N.B. 


for about ten years. In 1948 there was a general reduction in numbers to very 
low levels, the causes of which are uncertain. High mortality resulted from the 
fact that the larvae from the gallicolae killed most of the shoots on which they 
were dependent for development. Severe winter weather, with temperatures 
as low as -32°F., may have contributed to the low survival. Predacious syrphid 
and agromyzid larvae were very numerous, especially in the galls. There was 
also a great deal of unexplained mortality in the adult stage of the sexuparae, 
which seemed to be due to some inherent weakness resulting in failure to oviposit. 


Effect on Trees 


The spruce is little affected, as the proportion of galled shoots is insufficient 
to result in a measurable loss of growth and the injury is easily repaired by growth 
from uninfested buds. Disfigurement of ornamentals is less than in the case of 
more persistent galls. In 1947 as high as 80 per cent of the shoots of some trees 
were killed but no permanent injury was done. 


The damage to white pine is due to heavy infestations of new shoots by 
first-stage larvae, most of which are offspring of the gallicolae although some may 
be from continuous generations of exules. Although the great majority of these 
larvae die in the first stage, the insertion of their stylets affects the growth of the 
shoots. It is possible that prior to entering dormancy they inject a substance 
from the salivary glands which may be more important than the mechanical injury 
caused by the intercellular probing of the stylets. It has been found that the 
neosistens of Adelges piceae (Ratz.) produces a marked effect on the growth of 
the cambium and xylem of its host even if it dies without further development.’ 


White-pine shoots first grow vertically and later assume a more or less 
horizontal position, with the exception of the leader. When infested but not 
killed they may fail to assume the normal position. This results in a mild crook- 
ing at the nodes which, combined with shortened growth, remains for several 
years as evidence of past attack. 
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When the shoots are killed they droop in midsummer and turn red (Fig. 4). 
The proximal half is curved and the distal half generally points vertically down- 
ward. Sometimes most or all of the shoots on a tree are killed and this gives a 
striking appearance suggestive of frost injury.. Late frosts occur, however, when 
the shoots are relatively small, and early frost injury has not been observed on 
white pine. 

In 1947 two sample plots were established by L. E. Williams, of the 
Fredericton Laboratory, in young stands near Shirley. One was in a 20-year-old 
stand, 44 per cent of which was white pine, 20 per cent red spruce, 29 per cent 
red pine, and 7 per cent balsam fir, Abies balsamea (L.) Mill. Diameters ranged 
from one to four inches at breast height. In September, 1948, 4 per cent of the 
white pine had died and 26 per cent showed only very scant foliage at the ends 





Fic. 4. White-pine shoot killed by larvae. (Photo by L. E. Williams). 


of the twigs. The latter, however, had put out new growth from adventitious 
buds at the bases of the previous year’s dead shoots and most of them seemed 
capable of recovery. 

The other plot was in a 40-year-old stand, 57 per cent of which was white 
pine, 22 per cent red spruce, 5 per cent balsam, 4 per cent red pine, and 6 per cent 
hardwoods. Diameters ranged from one to nine inches. In 1948 eighteen per 
cent of the white pine had died, but all of these were under five inches in 
diameter. Sixty-one per cent were severely injured, but were putting out new 
shoots. The remainder showed less severe injury. 

These figures represent conditions in an area where there have been inter- 
mittent heavy attacks for ten years. Mortality has been slight and confined to 
small trees. Loss of growth has been considerable, and a small number of 
measurements suggests that it will probably average five or more tesa of normal 
increment if no further attack takes place. This has tended to favour competi- 
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tion by spruce and red pine and will reduce the percentage of white pine in 
the final crop. It may be mentioned that damage by the white pine weevil, 
Pissodes strobi Peck, is not very serious in these fully stocked, naturally repro- 
duced stands, and the reduction in the percentage of the valuable white pine 
is likely to be the most important result of the outbreak. 
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A New Species of Balclutha, with Notes on the Canadian Balecluthini 
(Homoptera: Cicadellidae)' 


By Bryan P. BemrneE 
Ottawa, Canada 


Species of Balcluthini show great similarity in external appearance and many 
exhibit much individual variation. Examination of the male genitalia is the only 
certain means of identification. Baker (1896, Can. Ent. 28: 35-42) attempted 
to separate the species on external characters, and Davidson and DeLong (1935, 
Proc. Ent. Soc. Wash. 37: 97-112) revised the North American species and 
figured the male genitalia. Little has been published on the species occurring 
in Canada. Five species from Canada are represented in the Canadian National 
Collection. One of them is previously undescribed. 

Key to Nearctic Genera of Balcluthini 
Head narrowérthan pronotum (Fig. 1) -__--___ Nesosteles 
Head wider than pronotum (Figs. 2 and 3)_..__Ballelutha 
Nesosteles neglectus (DeLong and Davidson) 
Eugnathodus neglectus DeLong and Davidson, 1933, Ohio J. Sci. 33: 55. 
Eugnathodus pallidus DeLong and Davidson, 1933, Obio J. Sci. 33: 56. 
Eugnathodus pallidens DeLong, 1944, Ohio J. Sci. 44: 272 (new name for pallidus 

DeL. and D.). 

This is the only species of Nesosteles that has been found in Canada. The 
remaining eight species known to occur in North America have not been found 
north of the Southern States and are unlikely to occur in Canada. N. neglectus 
has been confused with Balclutha abdominalis, which it resembles in its small size 
(3 to 3.5 mm. in length) and in characters of the male genitalia. ‘The two species 
are easily separated by the character given in the key above. There are specimens 
of N. neglectus in the National Collection from the following localities in Canada. 
SASKATCHEWAN: Saskatoon (K. M. King); BRITISH COLUMBIA: Oliver 
(C. B. Garrett). Dates of capture are between May 2 and September 15. 


Key to Canadian Species of Balclutha 

1. Small species, 3 to 3.5 mm. in length; vertex broadly rounded; apical portion 
of aedeagus short, in lateral view curved dorsally but not anteriorly_____ 
abdominalis (Van D.) 

Large species, over 3.75 mm. in length; vertex usually bluntly angled; apical 
portion of aedeagus longer, curved dorsally and anteriorly (Figs. 4 to 6) 2 

2. Apical portion of aedeagus long and slender (Figs. 4 & 5), extending anteriorly 
almost to or beyond posterior margin of preceding segment 3 


1Contribution No. 2670, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
Canada. 
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Apical portion of aedeagus shorter, more pe (Fig. 6), extending anter- 
iorly about half-way to posterior margin of preceding segment______ a 
3. Smaller _s 3.75 to 4 mm. in length; basal portion of aedeagus tapering 





posteriorly in lateral view (Fig. 4). (Eastern) impicta Van D. 
Larger species, 4.6 to 4.8 mm. in length; basal portion of aedeagus rounded and 
expanded posteriorly in lateral view (Fig. 5). (Western) _ arctica n. sp. 


4. Smaller form, 3.8 to 4.25 mm. in length; vertex less sharply angled (Fig. 2) 
punctata (Thunb.) 

Larger form, 4.25 to 4.8 mm. in length; vertex more sharply angled (Fig. 3) 
var. manitou G. & B. 
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1. Head of Nesosteles neglectus (DeL. & D.). 2. Head of Balclutha punctata (Thunb.). 
3. Head of B. punctata var. manitou (G. & B.). 4. Aedeagus, lateral view, of B. impicta 
(Van D.). 5. Aedeagus, lateral view, of B. arctica n. sp. 6. Aedeagus, lateral view, of B. 
punctata. 7. Style of B. impicta. 8. Style of B. arctica. 


Balclutha impicta (Van Duzee) 
Gnathodus impicta Van Duzee, 1892, Can. Ent. 24: 113. 
Gnathodus flava Baker, 1896, Can. Ent. 28: 38. 
Gnathodus media Baker, 1896, Can. Ent. 28: 38. : 
Gnathodus viridis Osborn, 1905, Univ. Bull. Ohio Sta. Univ. 24: 541. 
Balclutha maculata Davidson and DeLong, 1895, Proc. Ent. Soc. Wash. 37: 101. 

There are specimens of this variable species in the National Collection from 
the following localities in Canada. ONTARIO: Leamington (G. S. Walley), 
Pr. Pelee (G. S. Walley), Pelee Is. (G. S. Walley); QUEBEC: Fairy Lake (G. S. 
Walley). Dates of capture are between June 1 and August 3. 

Balclutha arctica n. sp. 

This species is easily recognized by characters of the male genitalia. The 
genitalia indicate close relationship to B. impicta but the aedeagus differs in that 
in lateral view the basal portion is expanded and rounded behind (Fig. 5), instead 
of tapering as in impicta (Fig. 4), and the style differs in having the apical 

rocesses shorter and stouter (Fig. 8). In external characters arctica differs 
Sanh impicta and punctata in its larger size. In this it resembles manitou but 
differs in its broader and less acutely angled vertex. 

Length 4.6 to 4.8 mm.; width across pronotum 1.2 mm. Vertex bluntly 
angled, one-third longer at median line than next the eyes, more than three 
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times as wide as its median length, produced more than two-thirds of its length 
in front of anterior margins of the eyes. Colour: pale greenish-yellow. Genitalia: 
female seventh sternite truncate; male aedeagus with an expanded basal portion 
which is rounded posteriorly, and a slender, pointed apical portion which curves 
dorsally and anteriorly; male style “er and broadly notched at apex, the 
processes shorter and stouter than in related species; connective deeply and 
broadly notched at base, forming curved processes, and notched at apex to form 
shorter divergent processes. 


Described from five specimens taken at Dawson, Yukon Territory, by W. W. 
Judd. 

Holotype. 4, Dawson, Yukon, June 22, 1949 (W. W. Judd). 

Allotype. 19, same data as holotype. 

Paratypes. 19, same data as holotype. 2¢, Dawson, Yukon, June 22 and 
July 7, 1949 (W. W. Judd). 

Balclutha punctata (Thunb.) 

Cicada punctata Thunberg, 1784, Nova Acta Reg. Soc. Sci. Upsaliensis 4: 21. 
Typhlocyba rosea Provancher, 1872, Nat. Can. 4: 378. 
Typhlocyba jacosa Provancher, 1890, Pet. Faune Ent. Can. 3: 300. 
Gnathodus confusa Gillette and Baker, 1895, Col. Agr. Expt. Sta. Bull. 31: 104. 
Gnathodus manitou Gillette and Baker, 1895, Col. Agr. Expt. Sta. Bull. 31: 105. 
Balclutha vernalis Van Duzee, 1917, Calif. Agr. Expt. Sta. Tech. Bull. Ent. 2: 696. 
Balclutha californica Davidson and DeLong, 1935, Proc. Ent. Soc. Wash. 37: 102. 

This holarctic species appears to be the most widely distributed and common 
species of the genus in Canada. There are specimens in the National Collection 
from the following localities in Canada. LABRADOR: Goose Bay (W. W. Judd, 
H. C. Friesen, pe W. E. Beckel); NEW BRUNSWICK: Fredericton (C. W. B. 
Maxwell and R. P. Gorham); QUEBEC: Natashquan (W. J. Brown), Thunder 
River (W. J..Brown), Kazubazua (G. S. Walley and W. J. Brown), Hull (G. S. 
Walley), Gaureau (G. S. Walley), Ladysmith (G. S. Walley), Knowlton (L. J. 
Milne and G. S. Walley), Covey Hill (G. S. Walley); ONTARIO: Mer Bleue 
(G. S. Walley), Moosonee (G. S. Walley), Vineland Station (W. Putman), 
Turkey Pt. (G. S. Walley), Orillia (C. H. Curran), Fenelon Falls (F. P. Ide), 
Norway Point, Lake of Bays (J. McDunnough), Guelph (F. Sherman), Ottawa 
(C. H. Curran), Chicoutimi (G. Beaulieu), Niagara Glen (G. S. Walley); 
MANITOBA: Aweme (R. M. White); SASKATCHEWAN: Roadene (K. M. 
King), White Fox (O. Peck), Allen L. (K. M. King), Saskatoon (K. M. King), 
Rostern (N. J. Atkinson), Wiseton (N. J. Atkinson), Fort a la Corne (K. M. 
King), Attons Lake (A. R. Brooks), Wenocha (K. M. King); ALBERTA: Banff 
(C. B. D. Garrett), Waterton (H. L. Seamans); BRITISH COLUMBIA: Shuswap 
Lake (J. McDunnough), Alta Lake, Mons (J. McDunnough), Mission (W. 
Downes), Vancouver (J. Stanley), Summerland (A. N. Gartrell); NORTH- 
WEST TERRITORIES: Yellowknife (R. R. Hall and E. Flashman); YUKON: 
Dawson (W. W. Judd). Dates of capture are between May 17 and October 16. 

B. manitou is regarded as a valid species by Davidson and DeLong (1935), 
who examined the type, and is listed as such by Oman (1949, Mem. Ent. Soc. 
Wash. 3: 106). It differs from punctata wy 2 in its larger size and more sharply 
angled vertex. There are several reasons for considering it a variety of that 
species. The male genitalia of the two are identical, although Balclutha is a 
genus in which the male genitalia generally show good specific characters. 
B. punctata is a very variable species in colour, form, and size. Some specimens 
examined have the vertex rounded; in others it is angled and approaches in shape 
that of manitou. Although B. punctata normally averages 4 mm. in length, some 
specimens from British Columbia are as large (4.25 mm. in length) as some 
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specimens of manitou. Possibly manitou represents a population of punctata 
that was isolated west of the Rocky Mountains for part of the Pleistocene by a 
climatic change and that developed independently of the main population. 
B. californica Davidson and DeLong, from southern California, may represent a 
similar population. It is identical in characters of the male genitalia with 
punctata and differs from manitou only in its narrower and more sharply angled 
vertex (Davidson and DeLong, 1935). The main population of punctata may 
have invaded the west at a more recent date, in late-glacial or postglacial times, 
and may be interbreeding with manitou so that the latter now survives as a pure 
race only in remote or geographically isolated localities into which punctata has 
not yet spread. There are specimens of manitou in the National Collection 
from the following localities in Canada. BRITISH COLUMBIA: Summerland 
(A. N. Gartrell), Goldstream (K. F. Auden), Prince Rupert (E. R. Buckell), 
Vancouver (J. Stanley), Sannich District (W. Downes). Dates of capture are 
between May 3 and September 29. The Summerland specimens were taken on 
the same date and by the same captor as some large but otherwise more or less 
typical specimens of punctata. 


Balclutha abdominalis (Van Duzee) 
Gunathodus abdominalis Van Duzee, 1892, Can. Ent. 24: 113. 

This species has not been recorded from Canada and there are no Canadian 
specimens in the National Collection. It is included here as it is a transcontinental 
species of wide distribution in the United States that is likely to be found in 
southern Canada. 


—_—<—_——— 


Notes on Megabothris asio (Baker) and M. calcarifer (Wagner) 
with the Description of a New Subspecies 
(Siphonaptera: Ceratophyllidae)* 


By Grorce P. HoLianp? 


Aside from M. acerbus (Jordan), which is apparently a breeding parasite 
of Tamias striatus (L.), a chipmunk, the holarctic genus Megabothris Jordan 
1933 appears to be truly associated with the Microtinae, some of the species 
showing special affinities for particular species of these mice, others infesting 
several species, or even genera, within a geographical region. 

The nearctic Megabothris asio (Baker) favours the common meadow vole, 
Microtus pennsylvanicus (Ord), and occurs throughout most of the range of 
that mouse. The writer recognizes two valid subspecies, M. asio asio, which is 
restricted to eastern North America, and M. asio megacolpus (Jordan), of 
western North America. The nominate race ranges from Labrador to Delaware. 
M. asio megacolpus (==M. asio orectus Jord.) ranges from western Quebec, 
western Ontario, and Michigan westward to the Coast Range, and from Cali- 
fornia north at least to the 60th parallel. 

Megabothris calcarifer (Wagner), described from Siberia, is closely akin 
to asio, and might with some justification have been considered a further 
subspecies had a new form (described in the present paper) from Alaska and 
the Mackenzie delta region of Canada demonstrated intermediate characters 
connecting this species with M. a. megacolpus. However, the new flea exhibits 
special features, in common with calcarifer, that are not shared with asio. The 
differences are small but, under the circumstances, sufficient to warrant the 

1Contribution No. 2679, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
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assumption that asio and calcarifer are specifically distinct, although very closely 
akin, and obviously derived from the same ancestral stock. 

The limited material of the new flea was collected from several microtines, 
one of which, Microtus pennsylvanicus drummondii (Audubon & Bachman), is 
a mouse of widespread distribution, but apparently a virtually homogeneous race, 
occurring in eastern Alaska, much of central and western Canada, and well into 
the United States. From the 60th parallel southwards this mouse is infested by 
M. asio megacolpus. It is recognized that fleas, like other ectoparasites, speciate 
more slowly than do their hosts; the writer knows of no well founded instance 
of more than one subspecies of a particular species of flea occurring upon the 
same subspecies of host. Usually one subspecies of flea occupies the range of 
several subspecies, or even species, of hosts. Accordingly, the presence of a 
nearctic flea close to calcarifer, but somewhat removed from M. a. megacolpus, 
on northern populations of Microtus p. drummondii suggests a relatively recent 
contact rather than a long continued relationship. Further investigation will 
probably reveal that the true host of this flea is one of the relict species of 
Microtus, that survived in Alaska-Yukon refugia, and that its presence on 
M. p. drummondii represents a secondary association, following the invasion of 
northern North America by mice of the pennsylvanicus group after the retreat 
of the ice cap. A representative of asio may not occur in the more northerly 
populations of Microtus pennsylvanicus. 

M. asio and M. calcarifer, along with M. walkeri (Roths.) and M. atrox 
(Jord.), are distinguished from other species of Megabothris by having one or 
more oblique rows of setae across the postantennal region of the head; by having 
the movable process of the clasper of the male with two short, blunt spiniforms 
close together at the posterodorsal apex; and by having the ductus receptaculi 
seminis of the female without a sclerotized section. 

Following are further details and descriptive notes on Megabothris asio 
and M. calcarifer. 

Megabothris asio asio (Baker) 
(Figs. 1, 2) 

Ceratophyllus asio Baker, 1904, Proc. U.S. Nat. Mus. 27: 388, 406-407, 440. 
Jordan, 1929, Nov. Zool. 35: 33; pl. 1, figs. 10, 11. Jordan, 1933, ibidem 
39: 62. 

Megabothris asio, Jordan, 1933, Nov. Zool. 39: 77. Fox, 1939, Proc. Ent. 
Soc. Wash. 41: 47; pl. 6, fig. 3. Fox, 1940, Fleas of Eastern U.S., pp. 
67-68; pl. 17, figs. 85, 86, 88, 89. Fuller, 1943, J. Ent. Soc. N.Y. 51: 
7. MacCreary, 1945, J. Econ. Ent. 38: 127. 

Megabotbris asio asio, Jordan, 1938, Nov. Zool. 41: 122. Holland, 1949, 
Canada, Dept. Agr. Tech. Bull. 70: 160; pl. 42, figs. 349, 350. 

Trichopsylla (Trichopsylla) asio asio, Ewing and Fox, 1943, U.S.D.A. 
Misc. Pub. 500: 57. Baker, 1946, J. Expt. Med. 84: 47. 

Ceratophyllus asio was described from a single female, collected at Wellesley, 
Mass., from Megascops asio (Otus asio ssp.). The specific name of the flea, of 
course, owes its origin to this record, an unfortunate circumstance inasmuch as 
a true parasite-host relationship between this species and the screech owl is 
implied. Undoubtedly the owl providing the type specimen had recently dined 
upon a meadow mouse. 

Jordan (1929) recorded the species from “field mouse” (presumably 
Microtus pennsylvanicus), Ithaca, New York, and described and figured the 
hitherto unknown male; in 1933, he recorded the species from Mendon Ponds, 
Monroe Co., New York, from Microtus pennsylvanicus. 
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Fox (1939) re-described the male, and gave a number of records from 
Massachusetts and one from Iowa, all from Microtus p. pennsylvanicus; in 1940, 
he re-figured parts of the genitalia of both sexes. 

Fuller (1943) recorded this flea from Massachusetts, New Hampshire, and 
Vermont, from Peromyscus leucopus ssp., Microtus pennsylvanicus ssp., Pero- 
myscus maniculatus gracilis (LeConte), Blarina brevicauda talpoides (Gapper), 
and Scalopus aquaticus ssp. 

MacCreary (1945) recorded it from Delaware, from Microtus p. pennsy|- 
vanicus; and Baker (1946) listed it from Grosse Isle, Quebec, also from Microtus 
p. pennsylvanicus. 

It is evident, then, that though the limits of range are not fully known, 
this flea is a fairly regular parasite of the common field voles of eastern North 
America. The writer’s material includes specimens from Labrador and New- 
foundland. Only one male is available from Newfoundland, from the endemic 
meadow vole, Microtus pennsylvanicus terraenovae (Bangs). 

Male 

The dorsal margin of tergum VIII rounds smoothly into the posterior 
margin, without an apical lobe as in calcarifer (cf. Figs. 1, 3, 5, & 7). Only the 
distal half of the dilated apex of the movable process F projects above the 
margin of T. VIII. The dorsal margin of the apex of F is rather strongly 
convex (cf. megacolpus). 

Female 

The tail of the spermatheca is relatively long (cf. Figs. 2 & 6). Sternum 

VII bears a well developed, rounded lobe, and a sinus of moderate depth. 


Specimens Examined 

QUEBEC: Mingan, 31.X.47, ex Clethrionomys gapperi proteus, 1 3, R. Traub. 

LABRADOR: Goose Bay, 25.[X.47, ex Clethrionomys gapperi proteus, 1@, 
R. Traub; D. Koelle. 

NEWFOUNDLAND: Stephenville, 29.V.49, ex Microtus p. terraenovae, 13, 
G. F. DiLabio. 

NEW YORK: Ithaca, various dates, ex Microtus pennsylvanicus, 43, 32, 
E. W. Jameson, Jr.; New York, ex Microtus pennsylvanicus, 13,99. 
VERMONT: Rutland, X.1941, ex nest of Microtus p. pennsylvanicus, 12, 

F, L. Osgood; R. Traub. 
sia HAMPSHIRE: Center Ossipee, 15.1X. 40, ex Microtus pennsylvanicus, 
, H. S. Fuller. 

MASSACHUSETTS: Wellesley, ex “Megascops asio”, A. P. Morse, 12 (Type 
No. 6912, U.S. Nat. Mus.). 

DELAWARE: Camden, Kent Co., 25.V1.39, ex Microtus pennsylvanicus, 1 ¢, 
R. Traub; Delaware City, 20.V.39, ex Microtus pennsylvanicus, 14, D. 
MacCreary. 

Megabothris asio megacolpus (Jordan) 
(Figs. 3, 4) 

Ceratophyllus megacolpus Jordan, 1929, Nov. Zool. 35: 33; pl. 1, fig. 12. 

Megabotbhris megacolpus, Jordan, 1933, Nov. Zool. 39: 77. 

Megabothris asio, Wagner, 1936, Can. Ent. 68: 201-202 (mec Baker 1904, 
err. det.). 

Megabothris asio orectus Jordan, 1938, Nov. Zool. 41: 122, text-figs. 72, 73. 
Hubbard, 1940, Pac. Univ. Bull. 37(4): 2. gna Kohls, and Mills, 
1943, Mont. State Board Ent. Misc. Pub. 2: 4, 11, 17. New Synonymy. 

Trichopsylla oe sa megacolpa, Ewing oes Fox, 1943, U.S.D.A. 
Misc. Pub. 500: 
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Trichopsylla (Trichopsylla) asio asio, Brown, 1944, Ann. Ent. Soc. Amer. 
37: 211 (mec Baker 1904, err. det.). 

Megabotbris asio megacolpus, Holland, 1949a, Proc. Ent. Soc. B.C. 45: 12; 
Holland, 1949b, Canada, Dept. Agr. Tech. Bull. 70: 160; pl. 35, figs. 
282, 283; pl. 36, fig. 284; map 36. 

Ceratophyllus megacolpus, described from one female that was collected 
from “Microtus drummondi” (M. pennsylvanicus drummondii) at Okanagan 
Landing, British Columbia, has been proved by evidence of recent collections 
to represent no more than a subspecies of asio. Wagner (1936) recorded Mega- 
bothris asio from Salmon Arm, British Columbia, but his specimen, a male (in 
Dept. of Zoology Collection, University of B.C.) is clearly referable to mega- 
colpus. In the-Canadian National Collection are specimens, corresponding well 
with near topotypes of megacolpus, from various localities in British Columbia, 
Alberta, Saskatchewan, Manitoba, Ontario, Quebec, and the Northwest Terri- 
tories. Brown (1944) recorded Trichopsylla (Trichopsylla) asio asio from 
Hanna, Alberta, from Mustela sp. The writer has examined this material and 
holds that it is referable to megacolpus. Hubbard (1940) recorded it (as M. a. 
orectus) from Lakeview, Oregon, from “Rocky Mountain Meadow Mouse” 
(Microtus longicaudus ssp.). The writer (Holland, 1949b) gave a number of 
records from British Columbia, Alberta, Saskatchewan, and the Northwest 
Territories, all of which are reviewed in the present paper. 

Though primarily associated with Microtus pennsylvanicus over most of its 
range, it does, in the West, extend beyond territory inhabited by that mouse, 
and occurs on other species of Microtus. 

The most reliable characters separating the subspecies of Megabothris asio 
are found in the male genitalia and, though variable, still permit reliable segre- 
gation. The females of M. a. megacolpus are sometimes difficult to separate 
from the nominate race if not accompanied by males. At the time Jordan 
erected M. asio orectus (from two males and two females, Ravalli Co., Montana, 
x “Mouse nest”) the male of megacolpus was not recognized. The single 
available topotype male of megacolpus shows certain differences from Jordan’s 
illustration of orectus, but study of a series of near topotypes of both subspecies 
as well as other specimens from widely separated localities indicates that the 
full range of variability (particularly of the thickness of the shaft of F and the 
development of the lower process bearing the long spiniform) may be demon- 
strated in a series from a single locality and appears to have no significant 
correlation with geography. Megabotbhris asio orectus Jordan, 1938, therefore 
falls as a synonym of Megabotbris asio megacolpus (Jordan, 1929). 

Male 

The male of megacolpus has the shaft of the movable process somewhat 
thicker than in M. a. asio, and with the dorsal apical process (bearing the two 
short spiniforms) produced farther distad. The dorsal margin of the apex of 
F, too, is much less convex than in M. a. asio (Fig. 3). As Jordan (1938) points 
out, the prominent ventral lobe of sternum IX is somewhat narrower in mega- 
colpus, and the ventral setae of sternum VIII are somewhat sparser. Tergum 
VIII is the same as in a. asio, with only half of the apex of F projecting above it. 
Female 

Sternum VII of the females is highly variable, and though the lobe is usually 
longer and more bluntly square than in M. a. asio, it varies from being almost 
pointed to very broad and <p and sometimes bears a dorsal hook (Holland, 
1949b, Plate 36, Fig. 284 a- The proportions of the head and tail of the 
spermatheca are sinter to oa of asio asio. 
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Specimens Examined 

BRITISH COLUMBIA: Anahim Lake, 22.V.48, ex Microtus sp., 19, A. C. 
Di suks; Okanagan Landing, IX.1912, ex “Microtus drummondi”, 1¢, E. A. 
Chapin, (Type No. 41434, U.S. Nat. Mus.); 9.VIII.40, ex Microtus p. drum- 
mondii, 1 8,12, G. P. Holland (topotypes); Pemberton Meadows, VIII.45, 
ex Microtus sp., 19, J. Ronayne; Salmon Arm, 25.[II.32, ex mouse nest, 
1, H. B. Leech (Wagner’s specimen); Terrace, 1¢?, Mrs. Hippisley; 
Williams Lake, 13.1V.44, ex nests of Microtus p. drummondii, 73, 219, 
G. P. Holland. 

ALBERTA: Chipewyan, 30.VIII.45, ex Microtus sp., 16, W. Fuller; Hanna, 
ex Mustela sp., 12, (Brown’s specimen); Wood Buffalo Park, 3.VII.47, ex 
Microtus sp., 19, W. Fuller. 

SASKATCHEWAN: Carlyle Lake, 24.V1.42, ex Microtus p. drummondii, 2 é , 
G. P. Holland; 25.V1.44, ex M. p. drummondii, 12, W. Fuller; Estevan, 
28.VII.42, ex Citellus r. richardsonii, 19, W. F.; Regina, 16.1X.43, ex 
Microtus sp., 19, W. F. 

MANITOBA: Churchill, VII.49, ex Microtus p. drummondii, J. B. Wallis and 
G. P. Holland; 13.VII.49, ex mouse nest, 32, G. P. H.; 13.VII.49, ex nest 
of Dicrostonyx groenlandicus richardsoni, 1 9 , G. P. H.; Clear Lake, 17.V.47, 
ex Mustela sp.,2?, A. W. F. Banfield; Fort Prince of Wales, 15.VII.49, ex 
Microtus p. drummondii, 1 ¢, G. P. Holland; Gillam, VI-VII. 49, ex Micro- 
tus p. drummondii, 43, 42, J. B. Wallis; 13.V1I.49, ex Peromyscus mani- 
culatis borealis, 28, J. B. W.; 12.V1.49, ex Zapus sp., 12, J. B. W.; 
Herchmer, VII.49, ex Microtus p. drummondii, 4 3,39, J. B. Wallis; Le Pas, 
ex Microtus sp., 19, J. B. Wallis; Pikwitonei, 29.V.49, ex Eutamias borealis 
ssp., 19, J. B. Wallis. 

ONTARIO: | Kawene, 10.VII.45, ex Microtus sp., 29, A. C. Brooks; Moose 
Factory, 10-13.V1.49, ex Microtus pennsylvanicus ssp., 58, 6%, D. P. 
Whillans. 

QUEBEC: Great Whale River, VI-VIII.49, ex Microtus p. labradorius, 19 2, 
102, J. R. Vockeroth; VII-VIII.49, ex Dicrostonyx hudsonius, J. R. V.; 
10. VII.49, ex nest of Dicrostonyx, 12, J. R. V.; Port Harrison, 8.VIII.49, 
ex “mouse nest”, 39, D. P. Whillans. 

NORTHWEST TERRITORIES: Fort Smith, 31.V.46, ex Microtus (?) nest, 
W. Fuller; 9.V.48, ex Microtus p. drummondii, 13,29, W. Fuller; Wood 
Buffalo Park, 7.VIII.48, ex Microtus p. drummondii, 1°, W. Fuller; 8.V.49, 
ex Microtus p. drummondii, 32, C. E. Law. 

CALIFORNIA: Calpine, Sierra Co., 28-30.1V.49, ex nest of Microtus mon- 
tanus, 22, E. W. Jameson, Jr. 

MONTANA: Lima, 27.II1.40, ex Microtus sp., 44; Ravalli Co., 17.X.39, ex 
“mouse”, 1 3, 1 2 ; 20.X.39, ex “mouse nest”, 3 @ ; 22. VII.44, ex Microtus sp., 
19; 17.11.45, ex “mouse nest”, 1 8, 32 (all topotypes of M. asio orectus). 








Explanation of Figures 


Fic. 1. Megabothris asio asio (Bak.). Margin of tergum VIII, and processes of clasper of 
male. (Center Ossipee, N.H.). 


Fic. 2. M. asio asio. Spermatheca and apical margin of sternum VII of female. (Newcastle, 
Del.). 

Fic. 3. M. asio megacolpus (Jord.). Topotype male. (Okanagan Ldg., B.C.). 

Fic. 4. M. asio megacolpus. Topotype leon e. 

Fic. 5. M. calcarifer calcarifer (Wagn.). Male. Khabarovsk region, U.S.S.R. 

Fic. 6. M. c. calcarifer. Female. Khabarovsk region, U.S.S.R. 

Fic. 7. M. calcarifer gregsoni n. ssp. Holotype male. (Naknek, Alaska). 

Fic. 8. M. c. gregsoni. Allotype female. 
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MICHIGAN: Gogebic Co., 19.VII.20, ex Microtus pennsylvanicus, 2 2 ; Living- 
ston Co., 11.VI.20, ex “Mustela Nov.” (presumably M. frenata novebora- 
censis), 12. 

Megabothris calcarifer calcarifer (Wagner) 
(Figs. 5, 6) 

Ceratopbyllus calcarifer Wagner, 1913, Ann. du Mus. Zool. de l’Acad. des 
Sciences de St.-Petersbourg 18; 263-267; figs. 1-3. Wagner, 1930, 
Katal. d. Palaearktisch. Aphanipt. 9. 

Megabothris calcarifer, Wagner, 1934, Konowia 13: 262. Wagner, 1935, 
Konowia 14: 218. Toff, 1936, Zeitschr. f. Parasitenk. 9: 95; figs. 2, 48, 66. 

Ceratophyllus calcarifer was described from two pairs of fleas collected from 

Microtus sp. in Siberia, the exact locality not indicated. 

The species is separable from M. asio by the following characteristics. 

Male 
The movable process F is proportionately longer, the apex, which bears the 

two blunt spiniforms, projecting well above the dorsal margin of tergum VIII. 

The apex of F is much more dilated than in.asio. There is a small lobe on the 

posterodorsal apex of tergum VIII (Fig. 5). 

Female 
The spermatheca has the tail proportionately shorter than that of asio. 

Sternum VII has a short, bluntly pointed lobe, and a very shallow sinus (Fig. 6). 


Specimens Examined 
U.S.S.R.: Khabarovsk region (Eastern Siberia), 1940, ex “Muridae”, 24, 29, 
I. Ioff. 
Megabothris calcarifer gregsoni new subspecies 
(Figs. 7, 8) 
Separable from M. c. calcarifer only by details of the genitalia. 
Male 

Tergum VIII with about four long setae along the anterodorsal margin, and 
about nine located laterally, the arrangement of these setae being somewhat 
variable. Posterodorsal angle of tergum VIII produced into a lobe, as in M. c. 
calcarifer. Shaft of movable process slender, and with the expanded apex 
broader and higher anteriorly than in M. c. calcarifer. Sternum IX with promi- 
nent, setose, ventral lobe, and sternum VIII with complex fimbriated membranous 
appendage almost exactly as in M. c. calcarifer and both races of M. asio. 
Female , 

Spermatheca with short tail. Sternum VII slightly more deeply incised than 
in M. c. calcarifer (Fig. 8). 

A subarctic subspecies, limits of range unknown. The present series of 14 
males and 11 females includes specimens from central and western Alaska and 
the Mackenzie delta, N.W.T., Canada. 

Holotype male and allotype female from Naknek, Alaska, (type locality), 
ex Microtus sp., collected 28.V1.48 by J. D. Gregson of the Livestock Insects 
Laboratory, Kamloops, B.C. Types are No. 5872 in the Canadian National 
Collection, Ottawa. 

Paratypes: Naknek, Alaska, 28.VI1.48, ex Microtus sp., 2 8, J. D. G.; Naknek, 
29.V1.48, ex Clethrionomys sp., 14, 2¢?, J. D. G.; Fairbanks, Alaska, 13.VII.37, 
ex Microtus sp., 19, rec’d from W. L. Jellison; Killey River, Kenai Peninsula, 
Alaska, 20.IX.38, ex “Snowshoe” (Lepus americanus), J. Warwick; rec’d from 
W. L. Jellison; 55 miles N.W. of Aklavik, N.W.T., 25.V1.47, ex Microtus p. 
drummondii, | 8 , lan McTaggart Cowan; Aklavik, 12. VIL.47, ex Lemmus trimu- 
cronatus, 18, 19,1. McT. C.; Aklavik, 16.VII.47, ex Clethrionomys dawsoni, 
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16,19, 1. McT. C. Aklavik, 21.VIII.48, ex Microtus sp., 23, W. E. Stevens; 
Reindeer Depot, N.W.T., 25.VI1.48, ex nest of Clethrionomys dawsoni, 33, 32, 
J. R. Vockeroth; Reindeer Depot, 12.VIII.48, ex Microtus sp. 18, J. R. V.; 
Reindeer Depot, 19.VIII.48, 1, 19, J. R. V. 


It is a pleasure to associate the name Gregson with this interesting flea, 
especially as the name of J. D. Gregson’s father, the late A. D. Gregson, of 
Blackfalds, Alberta, appears in so many of the Rothschild descriptions of fleas 
from Western Canada. The fact that the Hon. N. Charles Rothschild com- 
municated with amateur naturalists and professional trappers all over the world, 
and persuaded them to collect fleas for him, gave the study of the order great 
impetus during the early part of the twentieth century. Mr. Gregson still 
possesses one of the original statements received by his father from Rothschild, 
and accompanying a postal note for £2.17.0 for 87 individual fleas of 12 species, 
several of which were new. According to the late Major Allan Brooks, artist- 
naturalist, and also a flea collector in the early days, Rothschild used to pay 
sixpence per specimen, with a bonus of sixpence for each new species. The 
writer has in his possession a letter from Rothschild to Brooks, dated September 
16, 1904, and enclosing a postal note for one shilling, representing bonuses for 
two species, Ctenopsyllus brooksi and Ceratopsyllus palposus*, not recognized 
as new at the time the original account was settled. Brooks refrained from 
cashing the note, but retained it as a souvenir of his dealings with the great 
banking family. 

According to Mr. Gregson, his father was once stranded by early snow- 
storms at a cabin near the headwaters of the Red Deer River, in the Rocky 
Mountains, with two nieces (just out from England) so that the party was forced 
to spend the winter in the wilds, with very limited stores and living in part off 
the land. In the course of that winter, as a side-line to trapping activities, the 
girls were able to earn enough flea~-money to purchase new saddles! 
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*Now known as Nearctopsylla brooksi (Roths. 1904) and Myodopsylloides palposus (Roths. 1904). 
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Regulation of Ovulation and Egg Disposal in the Parasitic 
Hymenoptera’ 
By Srantey E. FLANpers?® 


University of California Citrus Experiment Station 
Riverside, California 


Introduction 

Among the attributes of the parasitic Hymenoptera that contribute to the 
ability of certain species to maintain host populations at low densities is the power 
to restrict egg deposition to sites suitable for the continued development of the 
offspring, and to regulate, regardless of host density, the number of eggs deposited 
per host (Flanders 1947). High searching capacity is, in part, a function of 
female longevity correlated with the conservation of reproductive material. It 
is self evident that time used in wasteful oviposition means less time for searching 
and consequently less effective control of the host. 

The purpose of this paper is to consider the role of parasite structure and 
physiology in the economy of hymenopterous parasitism. The type of host 
distribution and the ecological responses of the parasite, the other determinants 
of searching capacity, are outside the scope of this paper. 


Methods of Egg Disposal 

The hymenopterous female disposes of its eggs either by deposition or by 
absorption (Flanders 1942). The sequence of egg production and disposal in 
individuals of certain species may follow either of two courses: the linear (ovi- 
genesis, ovulation, and oviposition), or the cyclic (ovigenesis, ovisorption, and 
ovigenesis). Those species having long-lived females in which both procedures 
occur with equal facility should be able to search for scarce oviposition sites 
most successfully and consequently control their hosts most effectively. 

The chronological relation between the maturation of the egg and its depo- 
sition may be used for grouping the species of parasitic Hymenoptera into two 
categories: (1) one in which the gravid female is pro-ovigenic—ovigenesis largely 
if not entirely completed before oviposition begins, and the ripe eggs stored in 
either the ovary or the oviducts; and (2) one in which the gravid female is 
synovigenic—ovigenesis not completed before oviposition begins but more or less 
continuous (except under diapause conditions) throughout the life of the female. 
In species of the latter group, the eggs are either deposited as soon as ripe, tem- 
porarily stored in enlarged oviducts, or absorbed while in the ovary. 

The period for which ripe eggs can be stored in the oviducts obviously 
depends on the rate of embryonic development. With species in which con- 
tinuous development of the embryo is dependent on obtaining nutrition from 
the host, as with many endoparasites, it is possible for the ripe eggs to be stored 
for the life of the female. Incidentally, it is the nutrient-deficient egg which, 
after deposition in the body fluids of the host, gives “premature birth” 'to a larva 
of the protopod or polypod type (Imms 1931). 

The gravid hymenopterous female deposits few if any eggs except in 
response to a certain complex or chain of external stimuli which are more or less 
host-connected: eucharids and perilampids deposit their eggs on surfaces fre- 
quented by the host: encyrtids and platygasterids deposit theirs in specific organs 
of the host. Consequently, it is the availability of sites which generally deter- 
mines the rate of oviposition and, in many species, the proportion of eggs absorbed. 
The rate of egg production (ovigenesis) is relatively constant. 


1Paper No. 637, University of California Citrus Experiment Station, Riverside, California. 
2Entomologist in the Experiment Station. 
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Influence of Structure and Physiology of Ovary and 
Associated Organs on Oviposition 

Differences in the rate of egg deposition particularly in species lacking 
storage Capacity are determined in part by differences in the number of ovarioles 
(assuming that the interspecific rate of ovigenesis in the ovarioles is fairly 
constant). The number of ovarioles in parasitic Hymenoptera varies from 2, 
as in Chelonus, to 657, as in the trigonalid Poecilogonalos thwaitesti (Westw.), 
a parasite of the ichneumonid Henicospilus rufus Tosq. P. thwaitesii is capable 
of depositing more than 10,000 eggs within a period of 2 weeks (Clausen 1929). 
(The queen bee has the same number of ovarioles as this trigonalid). With 
gregarious species, the number of progeny per host may be determined by the 
number of ripe eggs ready at a time for deposition. 

The size of the egg relative to the diameter of the ovipositor affects the 
amount of elapsed time between ovulation and deposition. With Macrocentrus, 
the egg, which is extremely small, being no greater in width than the diameter 
of the lumen of the ovipositor, is deposited the instant the ovipositor penetrates 
the derm of the host, or in a fraction of a second. With Habrocytus cerealellae 
(Ashm.), the egg is so large that it must be compressed to 1/12 of its greatest 
diameter to pass through the ovipositor. The cross-section area of the egg at 
its greatest width is 144 times as great as the cross-section area of the lumen of 
the ovipositor. Such an egg must pass through the ovipositor like sand passing 
through an hourglass, only a small portion of its bulk being in the ovipositor 
at a time. The shifting of the egg contents from the portion remaining at the 
inner end of the ovipositor to the portion extruding from the outer end requires 
about one second (Fulton 1933). This attenuation of the egg serves a secondary 
purpose in certain endoparasitic species of aphelinids. In species of the genus 
Coccophagus that deposit only their unfertilized eggs on the surface of the host’s 
body, the attenuated anterior third of the egg at the moment of deposition is 
inserted under the derm of the host and serves to anchor the main portion of the 
egg to the host. (Flanders 1937). 

In Paniscus the egg emerges through the copulatory cleft at the base of the 
ovipositor and descends with only the tip of the stalk or anchor held between 
the ovipositor shaft (Cushman 1926; Vance 1927). 

Accessory glands play an important part in oviposition. The acid gland 
may produce secretions used (1) to paralyze hosts either before oviposition (with 
ectoparasites) or at the time of oviposition (with endoparasites), or (2) to soften 
the envelope of the host and thus facilitate oviposition. Paralysation of the host 
by ectoparasites serves to facilitate oviposition or to prevent destruction, by host 
movement, of eggs and newly hatched larvae of many ectoparasitic chalcids, 
braconids, and ichneumonids. The hard-walled cell of Odynerus is softened by 
the secretions of Pimpla macrocerus Spin. 

The alkaline (Dufour’s) gland may produce secretions used (1) to lubricate 
the ovipositor, (2) to coat the egg as a protection from desiccation or phago- 
cytosis, or (3) to construct host-feeding tubes. 


Pro-ovigenic Species 

With species having pro-ovigenic females, egg deposition usually occurs 
within a few days after emergence. Such females are short-lived and feed little, 
if any. ‘The operation of the ovigenic cycle is unnecessary and perhaps would 
be detrimental. Species in this category may exert a controlling effect on host 
populations of relatively high densities. 

Many eucharid females deposit all their eggs the day of emergence. Females 
of Schizaspidia manipurensis Clausen deposit 1,000 eggs in one operation of 30 
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minutes duration (Clausen 1941). Some restraint in oviposition, however, may 
be exhibited in certain trigonalids and eucharids (Clausen 1923, 1928). 

The platygasterid Allotropa burrelli Mues., parasitic on Pseudococcus com- 
stocki (Kuw.), deposits 9 eggs with one insertion of the ovipositor. Under 
favorable conditions several host individuals are parasitized in quick succession. 
A newly emerged female contains an average - 565 eggs (Clancy 1944). 


Gregarious species of Scelionidae (egg parasites) deposit their full com- 
plement of eggs at a single insertion of the ovipositor; solitary species, one egg 
with each insertion. The maximum progeny per female (275) was found by 
Clausen (1940) to occur in Phanurus beneficiens Zehnt. 

The black-scale parasite Coccophagus trifasciatus Compere deposits most of 
its eggs (about 400) within three days after emergence. An egg is quickly 
deposited at each insertion of the ovipositor (Flanders 1942). This species 
becomes an effective parasite of black scale when, through the action of ants, the 
scale escapes control by the more effective parasitic species. 


Synovigenic Species 

With species having synovigenic females, the operation of the ovigenic 
cycle may contribute to the capacity of a species for controlling its host 
(Flanders 1947). When conditions are favorable for oviposition, the number 
of eggs that a species places in contact with each host individual is fairly constant 
and is largely independent of host density. 

Oviducts Modified for Egg Storage (Ovulation Internally Induced).—In 
certain synovigenic species the oviducts are modified for egg storage so that the 
ovigenic cycle is relatively unimportant. These species are of two types: the 
Ophion type, in which oviducts are about equal to or longer than the ovary; 
and the Apanteles type, in which the oviducts are shorter than the ovary. The 
Ophion type includes endoparasites such as Campoplex, Angitia, Gly pta, Trich- 
omma and ectoparasites having uterine incubation, such as Paniscus, Poly blastus, 
Dyspetes. (Females of the last three genera are occasionally killed by action 
of larvae that hatch while still in the oviduct). The Apanteles type includes 
endoparasites such as Chelonus, but no ectoparasites as far as known. 

Internally induced ovulation occurs only in species having oviducts adapted 
to egg storage. In females of such species ovisorption is precluded and the ripe 
eggs accumulate. The accumulation of eggs is correlated with the ability to 
discharge rapidly a large number of eggs during one insertion of the ovipositor. 
This rapidity of egg deposition may be responsible for the exceptional number 
of braconid species that yield a preponderance of male progeny (Clausen 1940). 
It was observed by Ford (1943) that in the gregarious species of Apanteles under 
field conditions males predominate. 


The capacity of endoparasites for storing ripe eggs is an equivalent to the 
ovigenic cycle as a means of increasing the searching capacity of a species. 

Oviducts not Modified for Egg Storage (Ovulation Externally Induced).— 
Species in this category are of two types, a monootene type having only one ripe 
egg at a time in each ovariole, and a polyootene type having several ripe eggs at 
a time in each ovariole. It is probable that in most synovigenic species the 
oviducts are not modified for egg storage. It is only in such species that 
ovisorption plays an important part in reproduction. The number of ripe eggs 
present in the ovary at any one time is regulated by absorption and deposition. 

In many species that do not store their eggs, the deposition of a full com- 
plement of eggs is dependent on host-feeding by the female. In some species, 





as il 
is § 
Me 
hos 
wit 
of 

dey 
rip 
wl 
of 

pr 


SO! 


WI 


Aa— Fy fF 





ay 


N- 
ler 


n- 


38 
oy 


of 
ly 
ies 
he 





LXXXIl THE CANADIAN ENTOMOLOGIST 137 


as in Peridesmia phytonomi, ovigenesis is facultative and ceases when environment 
is spatially or meteorologically unfavorable for oviposition; in others, as in 
Metaphycus helvolus (Compere), ovigenesis ceases when the environment lacks 
hosts. In most such synovigenic species, however, ovigenesis is obligatory, as 
with Mormoniella vitripennis (Wlk.) and Metaphycus luteolus (Timberlake). 
In the latter species continuous ovigenesis, to some extent at least, is independent 
of host-feeding by the female. 

In the absence of hosts, the females of the species in which ovigenesis is 
dependent entirely or in part on host-feeding by the female appear to have fewer 
ripe eggs in the ovaries at a time, and to be longer-lived, than those of species in 
which complete ovigenesis is independent of such host-feeding. In the absence 
of hosts, ovigenesis and Ovisorption are synchronous processes, ovisorption being 
precluded only by ovulation. 

In species in which ovulation is externally induced, it is obvious that ovi- 
sorption is dependent on external conditions (Weyer 1927). Storage capacity 
is lacking in such species, and the ovisorptive process keeps pace with ovigenesis 
when hosts are scarce, so that the ultimate output of ripe eggs is not affected, 
provided sufficient hosts become available. 

In species having polyootene ovarioles (each ovariole containing several ripe 
eggs at a time), ovisorption sets in when the pressure of accumulated eggs reaches 
a certain point (Schneider 1941). The number of eggs accumulated before this 
point is reached apparently varies either with the rate of egg production or with 
the availability of hosts. In females that have been ovipositing more or less 
continuously for several days, the maximum number of ripe eggs in the ovaries 
at any one time may be greater than in females withheld from their hosts from 
the time of emergence (Flanders 1942). 

Species having polyootene ovarioles may deposit partially absorbed eggs; 
that is, eggs which have lost a portion of the cytoplasm while awaiting deposi- 
tion. Phaeogenes nigridens (Wesmael.) deposits partially absorbed eggs in the 
absence of hosts (Smith 1932). When the chalcid Metaphycus luteolus is placed 
with its host, Coccus hesperidum Linn., after being isolated for 3 weeks at 80°F., 
it deposits several nonviable, partially collapsed eggs, as well as viable eggs. A 
female dissected 4 weeks after emergence contained eggs in the process of growth, 
4 ripe eggs, and the collapsed shells of 75 eggs that had ripened and had been 
absorbed during the preceding 4 weeks. 

In most species if not in all, the chorion of an absorbed egg is never dis- 
charged into the oviduct. The presence of accumulated egg shells in the 
ovarioles does not appear to interfere with ovigenesis or ovulation. In Encyrtus 
fuliginosus Compere the empty egg shells apparently are forced through the 
walls of the ovarioles into the body cavity of the female (Flanders 1942). 

Microbracon hebetor (Say), when inbred, deposits many non-hatching eggs 
in which embryonic development occurs. Egg “shells” apparently containing 
only a fluid which dries up quickly are deposited by M. hebetor. Only 2 per 
cent of the eggs deposited during the first 10 days of life may be shells, whereas 
during the second 10 days, 12 per cent may be shells (Whiting 1940). Normal 
females, if withheld from the host for 24 hours, may deposit F oairsa 3 absorbed 
“wrinkled” eggs containing enough material for embryonic development. 

In the absence of hosts, the female of Microbracon hebetor continues to 
produce ripe eggs until the lower portion of each ovary contains about 20 eggs. 
Such eggs are in late metaphase I or early anaphase of the first maturation 

(Whiting 1945). Eggs deposited by unmated females of Aphidius avenae 
(Hal.) fail to hatch (MacGill 1923), probably because of partial absorption. 
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The females of Ephialtes extensor Tasch. may deposit partially absorbed 
eggs that have little content. These appear during the latter part of the ovi- 
position period and usually after a period of rapid egg deposition. Viable eggs 
deposited by old females are less elongate, the clear portions being less than those 
deposited by young females (Rosenberg 1934). 

The percentage of partially absorbed eggs deposited by Melittobia chaly bii 
Ashmead is greater when the female is unmated than when she is mated, probably 
because in this species mating is a prerequisite of normal response to oviposition 
stimuli (Schmieder 1938). 

Polymorphism in Sphecophaga burra Cress. may be an effect of ovisorption, 
the loss of cytoplasm before deposition determining which of two inherently 
possible lines of development are followed (Flanders 1945). 


Ecological Aspects of Limited Oviposition 

Species of parasitic Hymenoptera having synovigenic gravid females are 
more likely to be effective in biological control than species having pro-ovigenic 
females, since the former, being longer-lived, are able to reproduce at lower 
densities of host populations. With the pro-ovigenic species the oviposition 
period is usually so short that relatively large numbers of females are needed 
to search a given area effectively. The maintenance of such a parasite popula- 
tion requires a relatively large population of the host. 

Usually, the number of hosts within the sphere of action of a gravid hymen- 
opterous female is less than the number in or on which she is inherently capable 
of depositing eggs (Flanders 1947). The isolated host discovered only after 
prolonged searching by the gravid female which is constantly producing eggs 
usually receives the normal number of parasite eggs; that is, the number that 
can develop and emerge from one host individual. The ability of the female to 
restrain oviposition is the basis of the power of host selection and avoidance 
of super-parasitism (Lloyd 1938). 

The effectiveness of Metaphycus helvolus as a parasite of black scale, 
Saissetia oleae (Bern.), may be partly the result of its ability to maintain its 
reproductive capacity during the prolonged absence of suitable hosts. In M. 
helvolus ovigenesis ceases and all eggs in the ovary are absorbed in females that 
are held at 80°F. for 4 weeks without hosts. The primary oogonia remain intact, 
however, for when the female is allowed to feed on host fluids, ripe eggs are 
formed within 3 days, and as many as 400 eggs may be deposited at the rate 
of about 9 per day. Nine ovarian eggs (3 per ovariole) ripen each day in the 
average host-fed female (Flanders 1942). In the absence of hosts, ripe eggs 
first appear in the ovaries of M. helvolus 2 days after emergence, and remnants 
of absorbed eggs appear 4 days after emergence. 


In Peridesmia and Spintherus parasitic on the egg masses of the alfalfa weevil, 
feeding by the adult female on the egg contents through specially constructed 
feeding tubes occurs only during ovigenesis. This feeding reaction appears about 
6 days before egg deposition. When environmental conditions are adverse for 
Oviposition, ovigenesis ceases, the female feeds only on carbyhydrates, all eggs 
are absorbed, and a long period of reproductive inactivity ensues, apparently 
an adaptation to periods of host scarcity (Flanders 1935). 

With certain species such as Brachymeria euploeae, a tendency toward 
ecological castration (“ovarialkrise”) may so strongly decrease the readiness to 
oviposit that under laboratory conditions egg deposition does not continue. 
“Ovarialkrise,” according to Schneider (1941), is characteristic of tropical forms 
and is an expression of higher living intensity, a guarantee of survival. 
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Summary 

In the parasitic Hymenoptera the chronology of ovigenesis, when correlated 
with the inception of oviposition, serves as a means for grouping the species into 
two categories, pro-ovigenic and synovigenic. Pro-ovigenic species, those in 
which ovigenesis is largely if not entirely completed before oviposition begins, 
are likely to lack the intrinsic capacity to maintain the host population at a low 
density, the gravid adults being short-lived and unable to conserve reproductive 
material in relation to host density. Synovigenic species, those in which ovi- 
genesis is a more or‘less continuous process, are likely to possess such a capacity, 
the gravid females being relatively long-lived and able to conserve reproductive 
material in relation to host density. 

Synovigenic species are divided into two groups: those in which ovulation 
is internally induced and those in which it is externally induced. In the latter 
group ovisorption is obligatory when environmental conditions are not optimum 
for oviposition; then partially absorbed eggs may be deposited. Polymorphism 
appears to be limited to such species. 
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